A set of programs is presented for the reconstruction of a DMA sequence from data generated by the Ml3 shotgun sequencing technique. Once the sequence has been established and stored other programs are used for its analysis. The programs have been written for the Apple II microcomputer. A minimum investment is required for the hardware and the software is easily interchangable between the growing number of interested researchers. Copies are available in ready to use form.
INTRODUCTION
In recent years computers have become the logical choice for storage and analysis of DNA sequence data.. Time sharing systems will accomplish this task with little trouble but there are some disadvantages to time sharing. The biggest disadvantage is the expense of the computer time, file storage and remote terminal leases. Down time must also be considered as well as the occasions that the users out number the available terminals. In just a year or two the expenses could add up to the purchase price of a microcomputer system.
The Apple II microcomputer has some distinct advantages over the time sharing system. The Apple can be used as a "smart" remote terminal and with the right software it can be just as efficient as a time sharing system. In addition the Apple also allows dynamic file attachment. This feature enables the operator to open disk files while the program is running and is essential in the analysis of sequences derived from the M13 shotgun sequencing method Cl). Dynamic file attachment also makes it easier for people with little or no computer experience to work with the computer. Many of the older time sharing systems do not have this feature. Therefore, a set of programs has been written in Pascal and Assembly language for the Apple II. They can be used to record gel readings and reconstruct a DNA sequence from overlapping and complementary M13 templates. A standard set of programs is included with features such as restriction cleavage mapping and translation to amino acid codons.
HARDWARE
The hardware we are using consists of the following: The micromodem, which is optional, can be used to make the Apple into a remote terminal. The conmunications software can be purchased from the Micro Computer Group at the University Computer Center (PHONE: 37M-ICRO). With this software the Apple can "talk" to almost any other computer. Files may be transferred from the Apple to another computer or vice versa.
SOFTWARE
The sequence analysis software for the Apple II is written in Pascal with the exception of the comparison and search subroutines. These were written in Assembly language to decrease execution time. The programs will not run on an Apple without the Apple language system. A basic knowledge of the Apple Pascal operating system is necessary so that new diskettes may be formatted. File deletion and diskette krunching are handled by the Apple Pascal operating system 'TILER", so knowledge of this branch of the system is also necessary. The comparison, edit and join programs were written to help construct a master sequence from sequences derived from the M13 shotgun sequencing method. They were designed to help the operator learn from the computer by revealing the mistakes that might have been recorded on the sequence file. The programs are all linked together by using a group of subroutines in the SYSTEM LIBRARY called CHAINSTUFF. A file named SYSTEM. STARTUP is used to start the programs as soon as the Apple is turned on.
Program Description
To start the programs insert the disk into the main drive and turn the Apple on. Fig. 1 will appear on the screen. All programs may be executed from this main option level. After the completion of a program, control will return to this option level. When using this set of programs, all the members of the same contig (2) should be on the same disk. A contig is a set of gel readings which are related to one another by overlaps of their sequences. Storing a contig on one disk will prevent having to switch disks repeatedly and allow the compare program to search the entire contig for overlaps at one time. All programs are designed so that N is recognized as A, C, T or G.
When the programs ask for sequence file names they must be typed in this form "diskname:filename". A volume number may be substituted for the diskname (ex. '#5:filename')• The volume numbers are as follows: DRIVE 1 •= #4, DRIVE 2 = #5, and DRIVE 3 = #11. The diskname or volume number must always be separated from the file name by a colon, unless the file name and disk name are asked for separately. Program execution may be interrupted by typing control (CTRL) and s at the same time, this will enable the operator to view different sections of the results without putting them on the printer. This option is used after it has been determined that an overlap exists between two sequences. The only limit on this option is that the finished sequence may be no more than 10000 bases. The program will ask for the names of the two sequence files and the position where each sequence will be cut. Next the overlap region will be displayed. Figure 1 correct the two sequences are put together and stored under a new name on the disk the operator chooses. The operator has the choice of looking at the new sequence on the screen or printer. Option 3. Search This program is similar to R. Staden's search program (3) in that it searches a sequence for occurrences of restriction enzymes or short strings. There is no limit to the length of the sequence that is to be searched. Only matches of 100* horology are reported. The operator has a choice of four suboptions: ALL, STRINGS, NAMES and MAP. ALL, NAMES and MAP use a file of restriction enzymes called RENZYMES.TEXT. Enzyme names and cleavage sites may be added or deleted from this file by using the EDITOR that comes with the Pascal operating system. Fig. 2 is an example of the way the RENZYMES file must look. ALL searches the sequence for all occurrences of each of the restriction enzymes in the file. NAMES asks the operator for a name from the restriction enzyme file and searches for each occurrence of it. STRINGS asks the operator for a sequence of less than 25 bases and searches for it. Strings with unknown characters may be searched for by inserting N in place of the unknowns. The output for these three options includes the position number, the distance between adjacent positions, and the site name or the string. Enzymes in the RENZYMBS file that are not found are also printed. MAP is the same as ALL except for the output. A restriction enzyme map ( fig.  3 ) is printed with the enzyme names above the corresponding cleavage site. The first letter of the enzyme name lines up with the second base in the cleavage site.
When the program starts the operator is asked whether the results go on the screen or printer. After choosing a suboption, the operator types the name of the sequence to be searched. If NAMES or STRINGS was chosen then the operator types a short sequence or an enzyme name ( fig. 4) is searched and the results printed. The program asks for another string or enzyme name and then searches again. This will continue until STOP in single quotes is typed.
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Cption 4. Comparison
This program compares two sequences for homology or checks for overlaps. Gel readings from a shotgun sequencing project may have some mistakes in them either from false gel reading or recording errors. This program prints out the comparison in such a way that these errors may be seen. Then the operator can use the editor to correct these mistakes.
When the program starts the operator is asked to type in the name of the sequence file to compare or search for. We will call this sequence A. There is a 500 base limit to this sequence. If a longer sequence is used the program will not terminate, but only the first 500 bases will be used. Then the operator is asked for the name of the sequence file to compare to sequence A. Logically these two sequences should be members of the same contig. There is no limit to the number of bases in this sequence. At this point the program gives the operator the option of typing the sequence file name or a question mark. A question mark will allow the operator to compare to every sequence in the contig without typing in each individual file name.
If the operator types the name of a sequence file, the program goes on and asks the operator to set the parameters. The first parameter is the mininun percentage of bases that must be homologous for a match to be recorded. When this program starts the operator is asked whether the sequence should go on the screen or printer. There is a choice between a single or double stranded output. Then the operator types the sequence file name. Finally the sequence is printed out with location numbers every ten bases. The limit is 10000 bases. Option 6. List files in DRIVE 2 This program will list the files on the disk in DRIVE 2 on the screen or printer. Figure 6
Option 7. Create a file This program will enter a new sequence and store it on a file. The limit is 10000 bases. The operator is asked to type in the name of the new file and the disk it should go on. Next the sequence is typed in with a star after the last base. The star will tell the conputer that input has ended. The sequence is written on the disk with the new file name. After the sequence has been written on the file the operator has the choice of seeing the new sequence on the screen or printer with line numbers every ten bases. At this point if the operator does not want to look at the new sequence, pushing control (CTRL) RESET will put control back at the option level. If Yes was typed after the first question the operator is asked if the translated sequence should be printed on the screen or printer. Then a start position and end position are typed and the sequence is translated. A negative start position will stop the program. This is a modified form of a program written by Allen Delaney (4). Option 9. Edit a sequence There is no limit to the length of the sequence that may be edited. The operator is asked to type in the name of sequence file to edit. A position number is asked for and after it has been typed the operator is given the choice of either Inserting or Deleting. If the choice is to Delete, the program asks how many bases should be Deleted. If the choice is Insert, the operator is instructed to type them in. The character to signal the end of Insert is a star. Then the program asks for another position number and the cycle is repeated until a negative position number is typed. All edits i.ust be entered in increasing order. To replace a base or a number of bases ( fig. 8) , type the position number and Delete. Then type that same position number and Insert. It also works to reverse the process, Insert first and then Delete. After a negative position number has been typed the operator is asked for a new name for the edited sequence. The old sequence file is not destroyed. The edited sequence is written on the screen and on the new file in DRIVE 2.
These programs were all written with many small subroutines so modifications could be made without too much difficulty. Complete ready to use copies are available upon request. The program text will also be copied on a disk if changes need to be made. For a copy of both the text and the ready to use code send a stamped self addressed envelope and two blank, single density, soft sectored, 5 1/4" disks to Roger Larson.
